Résumé. 2014 Nous avons étudié par diffusion des rayons-x à haute résolution les transitions nématique-smectique A (N-SA) et nématique réentrant-smectique A (RN-SA) dans des mélanges de octyloxycyanobiphényle (8OCB) et de hexyloxycyanobiphényle (60CB). Sur Abstract 2014 We have carried out an extensive high resolution x-ray scattering study of the nematic-smectic A (N-SA) and reentrant nematic-smectic A (RN-SA) phase transition behaviour in mixtures of octyloxycyanobiphenyl (8OCB and hexyloxycyanobiphenyl (60CB). The smectic A phase boundary is found to be parabolic in the temperature-concentration plane with a median temperature TM = 38.06 °C and a critical concentration y0 = 0.427; here y is the 60CB :80CB molecular ratio. Detailed studies of the smectic fluctuations in the nematic phase are reported for y = 0.33, 0.413, 0.420, 0.429, 0.440 and 0.443. The first three concentrations exhibit N-SA and RN-SA transitions, whereas in the latter three samples with decreasing temperature the smectic correlation lengths and susceptibility exhibit maxima at TM and then decrease with a further decrease in temperature.
Abstract 2014 We have carried out an extensive high resolution x-ray scattering study of the nematic-smectic A (N-SA) and reentrant nematic-smectic A (RN-SA) phase transition behaviour in mixtures of octyloxycyanobiphenyl (8OCB and hexyloxycyanobiphenyl (60CB). The smectic A phase boundary is found to be parabolic in the temperature-concentration plane with a median temperature TM = 38.06 °C and a critical concentration y0 = 0.427; here y is the 60CB :80CB molecular ratio. Detailed studies of the smectic fluctuations in the nematic phase are reported for y = 0.33, 0.413, 0.420, 0.429, 0.440 and 0.443. The first three concentrations exhibit N-SA and RN-SA transitions, whereas in the latter three samples with decreasing temperature the smectic correlation lengths and susceptibility exhibit maxima at TM and then decrease with a further decrease in temperature.
The data are analysed using an extension of the Pershan-Prost optimal density theory. All of the data are welldescribed by the phenomenological theory; the critical exponents so-obtained are v ~ = 0.76 ± 0.03, v = 0.62 ± 0.05 and 03B3 = 1.49 ± 0.07. These agree quantitatively with values obtained in single layer materials with comparable nematic ranges; thus the N-SA and RN-SA transitions are identical in character to conventional N-SA transitions provided that one includes the crossover effects inherent in the parabolic phase boundary. Studies of the in-plane fluid structure factor in the N, SA and RN phases show that the mean molecular spacings and positional correlations are closely similar to those in single layer materials; in each phase the structure factor is well described by a circularly-averaged Lorentzian with a correlation length of 6.9 Å. These results argue strongly against pairing models for the reentrant behaviour. We conclude with a phenomenological discussion of the optimal density model which is so successful here and models based on competing order parameters which are required to describe the varied behaviour observed in other polar materials.
Introduction.
Reentrant behaviour in liquid crystals was first discovered by Cladis [1] . Successive nematic (N), smectic A (SA) and reentrant nematic (RN) phases as a function of decreasing temperature could be produced either by pressure in a single material [2] or by making appropriate mixtures of materials with and without smectic A phases [1, 3] . Since [4] and others [5] [9] . Others have included the dipole moment [10, 11] as the additional order parameter. An alternative approach, based on the concept of an optimal density for smectic ordering, has been given by Pershan and Prost [12] . Unfortunately, these theories are all primarily qualitative in character although by appropriate measurements it is possible to show that certain of them are highly implausible. We shall discuss the applicability of these theories to the octyloxybiphenyl : hexyloxybiphenyl (80CB:60CB) system in detail in the final section of this paper. As we reported in a preliminary publication [14] , our results could be quantitatively described by extending the phenomenological model proposed by Pershan and Prost [12] . Before Thus the simplest coupling between T, p and y which is qualitatively consistent with the phase diagram predicts a parabolic phase boundary; this is a consequence of the analytic dependence on p and y which was assumed in (2) .
As we showed previously [14] , the phase diagram is represented within experimental errors by equation 5, provided the 60CB concentration is expressed as y rather than as the mole fraction x = y/( 1 + y). The fit is shown in figure 1 [13] .
The correlation lengths in three mixtures with no smectic phase were fit to equation 10 [20] . Careful scans of the liquid peak were made at several temperatures both normal to and along the director. In figure 8 we show these scans in the N, SA and RN phases. The liquid structure factor is identical in all three phases except for a small change in the intensity scale factor (see Fig. 9 ).
In order to describe the transverse intermolecular correlations quantitatively we use a model introduced by Ocko et al. [20] . As discussed extensively in reference 20, S T(q) may be described by a three-dimen- [4, 11] . Thus a broader explanation is required.
In the early stages attempts were made to understand the reentrant behaviour using a pairing model [2, 3, 9] .
In these models it is assumed that isolated molecules favour smectic ordering and that pairs of associated molecules favour the nematic state, that is, the degree of molecular association represents the competing order parameter. The [9] .
We should also note that in certain of the models it is implicitly assumed that the smectic ordering in these reentrant systems is anomalously weak. Our results show that this is not the case. Part of the evidence which is typically cited is the absence of higher harmonics in the mass density order parameter [21] . In fact, the best evidence for a purely sinusoidal mass density wave is for single-layer rather than bilayer materials [20] .
In another model [10] [22] . Presumably any significant changes in antiferroelectric long or short range order would have a more dramatic effect on the dielectric properties.
As we stated in the introduction to this paper, the multiplicity of smectic phases now observed for polar materials [4] necessitates a description based on competing period order parameters [11] . This may be discussed qualitatively as follows. Here we limit ourselves to consideration of the bilayer ( [21] due to divergent long wave length fluctuations so that the N-SA transition deviates maximally from the mean field limit. The essential physical idea is that in the bilayer state as the free energies 45(q = 2 Klal) and O(q = 2 n/1) become comparable the system will begin to exhibit local fluctuations into the monolayer phase and these fluctuations destroy the bilayer order. An approximate calculation which illustrates this effect has been given by Prost and Barois [ 11 ] . Perhaps more convincingly, this reentrant behaviour due to competing periods is well known for surface overlayers. For 
